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(57) ABSTRACT

By drniving a first electromagnetic solenoid and a second
clectromagnetic solenoid, 11 first cams of a first thrust force
amplification mechanism and a second thrust force ampli-
fication mechanism are connected to non-rotary members,
since second cams are rotated at rotating speeds that are
proportional to a vehicle speed V, the relative rotations
between the first cam and the second cam increase. There-
fore, the first thrust force amplification mechanism and the
second thrust force amplification mechanism can be actuated
quickly, to thereby switch connection/disconnection states
of the first connection/disconnection mechanism and the

second connection/disconnection mechanism quickly.
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VEHICLE FOUR-WHEEL DRIVE
APPARATUS

INCORPORATION BY REFERENCE

The disclosure of Japanese Patent Application No. 2014-
207606 filed on Oct. 8, 2014 including the specification,

drawings and abstract 1s incorporated herein by reference 1n
its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to a vehicle four-wheel drive appa-
ratus, and particularly to a four-wheel drive apparatus hav-
ing a connection/disconnection mechanism that selectively
connects or disconnects a power transmission for transmit-
ting power to a propeller shait of auxiliary drive wheels.

2. Description of Related Art

A vehicle four-wheel drive apparatus for transmitting
power ol a drive source to main drive wheels and selectively
transmitting a portion of the power to auxiliary drive wheels
1s well known. Further, in the vehicle four-wheel drive
apparatus, a four-wheel drive apparatus 1s proposed, which
1s provided with a first connection/disconnection mechanism
that connects or disconnects a power transmission between
a transfer for distributing the power of the drive source to the
auxiliary drive wheels and a propeller shaft and a second
connection/disconnection mechanism that connects or dis-
connects a power transmission between the downstream side
of the propeller shaft and the auxiliary drive wheels, and to
disconnect these connection/disconnection mechanisms dur-
ing two-wheel driving traveling to eliminate traction of the
propeller shaft and the like and improve fuel efliciency. The
vehicle described 1n Japanese Patent Application Publication
No. 2013-159300 (JP 2013-159300 A) 1s an example
thereof.

The vehicle described 1n JP 2013-159300 A 1s configured
to have a first connection/disconnection mechamsm (the first
connection/disconnection mechanism) that 1s provided 1n a
power transmission device which 1s arranged on the front
wheel side and that connects or disconnects a power trans-
mission between a first rotation shait and an output unit, and
an axle disconnect that 1s a second connection/disconnection
mechanism (the second connection/disconnection mecha-
nism) and that connects or disconnects a power transmission
between a propeller shaft and rear wheels. Here, the first
connection/disconnection mechanism that 1s arranged on the
front wheel side 1s a dog clutch that connects or disconnects
the first rotation shait to or from the output unit by selec-
tively engaging or disengaging teeth that are formed on a
connection/disconnection member which 1s splined with the
first rotation shaft and thus 1s not rotatable relative to 1t to or
from opposite teeth that are formed on the output unit. In
addition, as for the first connection/disconnection mecha-
nism, 1 an electromagnet constituting an actuator 1s ener-
gized, the connection/disconnection member 1s connected
by moving toward one end (an engagement position) in an
axial direction, and 1f the power supply 1s stopped, the
connection/disconnection member 1s disconnected by mov-
ing toward the other end (a disengagement position) 1n the
axial direction by an action force of a return spring. Further,
the axle disconnect (the second connection/disconnection
mechanism) 1s configured of a multi-plate clutch that can
adjust a torque transmission capacity.

In the vehicle of JP 2013-159300 A, the second connec-

tion/disconnection mechamism 1s configured of the multi-
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plate clutch. However, when the first connection/disconnec-
tion mechanism and the second connection/disconnection

mechanism are disconnected, even 11 a torque of the multi-
plate clutch that i1s the second connection/disconnection
mechanism 1s controlled to zero, a traction torque 1s gener-
ated at the multi-plate clutch and 1s transmitted to the first
connection/disconnection mechanism side via the propeller
shaft, and thus becomes a resistive force for moving a sleeve
(the connection/disconnection member) in the axial direc-
tion when the first connection/disconnection mechanism that
1s the dog clutch 1s disconnected. Therefore, 1n order to
ensure a thrust force that 1s required for switching of the first
connection/disconnection mechanism and a responsivity of
the switching, the action force that 1s applied by the return
spring to the disengagement side shall be increased. How-
ever, as a result of increasing the action force that 1s applied
by the return spring, an electromagnetic force that 1s
required for connecting the first connection/disconnection
mechanism becomes large, and thus the electromagnetic
solenoid becomes large, resulting in that mountability of the
clectromagnetic solenoid 1s degraded. Further, in the first
connection/disconnection mechanism of JP 2013-159300 A,
even 1I the electromagnetic solenoid 1s disconnected when
being energized and 1s connected by the return spring when
the power supply 1s stopped, the electromagnetic solenoid
becomes large 1 order to ensure the responsivity of the
switching of the first connection/disconnection mechanism,
and thus the mountability of the electromagnetic solenoid 1s
degraded.

Further, when the dog clutch 1s switched by for example,
a motor, a reduction gear 1s required to obtain the thrust
force that 1s required for the switching, and thus the respon-
s1vity of the switching 1s decreased. Further, when the dog
clutch 1s switched by for example, a hydraulic mechanism,
although the thrust force that 1s required for the switching
can be secured, there 1s a problem that the responsivity of the
switching 1s decreased as the o1l viscosity 1s increased when
the o1l temperature 1s low, for example. Moreover, switching
of a drive state of a four-wheel drive apparatus 1s based on
switching of connection/disconnection states of the first
connection/disconnection mechanism and the second con-
nection/disconnection mechanism, and the responsivity
thereol 1s dependent upon the connection/disconnection
mechanism whose operating time that 1s required for the
switching 1s longer among these connection/disconnection
mechanisms. Therefore, 1f the operating time of any one of
the connection/disconnection mechanisms becomes longer,
the responsivity of the switching of the drive state of the
four-wheel drive 1s decreased.

SUMMARY OF THE INVENTION

An object of the mvention i1s to provide a vehicle four-
wheel drive apparatus that includes a first connection/dis-
connection mechanism for connecting or disconnecting a
power transmission between a transfer and a propeller shaft
and a second connection/disconnection mechanism for con-
necting or disconnecting a power transmission between the
propeller shait and auxiliary drive wheels, the vehicle four-
wheel drive apparatus having a good responsivity of switch-
ing of drive state by switching of the first connection/
disconnection mechanism and the second connection/
disconnection mechanism.

A vehicle four-wheel drive apparatus according to one
aspect of the invention (a) includes a transfer for transmit-
ting a portion ol driving force that 1s output from a drive
source to auxiliary drive wheels, a propeller shait that 1s
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interposed between the transfer and the auxiliary drive
wheels for transmitting the power from the transfer to the
auxiliary drive wheels, a first connection/disconnection
mechanism that 1s provided 1n the transfer for selectively
connecting or disconnecting the power transmitted to the
propeller shaft via the transfer, and a second connection/
disconnection mechanism that 1s provided between the
downstream side of the propeller shaft and the auxiliary
drive wheels for selectively connecting or disconnecting the
power between the propeller shaft and the auxiliary drive
wheels, (b) 1s further provided with a first control clutch, a
first actuator and a first thrust force amplification mechanism
for switching a connection/disconnection state of the first
connection/disconnection mechanism, (¢) 1s further pro-
vided with a second control clutch, a second actuator and a
second thrust force amplification mechanism for switching
connection/disconnection state of the second connection/
disconnection mechanism, (d) wherein each of the first
connection/disconnection mechanism and the second con-
nection/disconnection mechanism has a switching member,
the switching member 1s configured to be movable 1n an
axial direction of a rotation axis so as to obtain a first
position at which a power input shaft and a power output
shaft that are rotatable around the rotation axis respectively
are connected and a second position at which the power
input shaft and the power output shaft that are rotatable
around the rotation axis respectively are disconnected, (e)
wherein each of the first thrust force amplification mecha-
nism and the second thrust force amplification mechanism 1s
configured to have a pair of rotary members that 1s rotatable
around the rotation axis, the pair of rotary members 1s
configured to be axially separated by being rotated relative
to each other, one of the pair of rotary members causes the
switching member of each connection/disconnection mecha-
nism to move 1 one direction of the rotation axis, (1)
wherein the vehicle four-wheel drive apparatus 1s configured
such that a rotation suppression torque 1s added to the other
one of the pair of rotary members by the first control clutch
through the first actuator, and a rotation suppression torque
1s added to the other one of the pair of rotary members by
the second control clutch through the second actuator, (g)
wherein one of the pair of rotary members of each of the first
thrust force amplification mechanism and the second thrust
force amplification mechamism 1s connected to a rotary
member whose rotating speed 1s increased 1n proportion to
a vehicle speed 1n a non-rotatable relatively manner respec-
tively, (h) at least one of the first connection/disconnection
mechamism and the second connection/disconnection
mechanism 1s provided with a synchronization mechanism
for synchronizing the rotations of the power mnput shaft and
the power output shaft.

In this way, if the rotation suppression torque 1s added to
the other one of the pair of rotary members of the first thrust
force amplification mechanism by the first actuator, the pair
of rotary members 1s rotated relative to each other, one of the
pair of rotary members acts on the switching member of the
first connection/disconnection mechanism in one direction
of the rotation axial direction, and thus the switching mem-
ber 1s moved 1n the rotation axial direction to switch the
connection/disconnection state of the first connection/dis-
connection mechanism. Siumilarly, 1f the rotation suppression

torque 1s added to the other one of the pair of rotary members
of the second thrust force amplification mechanism by the
second actuator, the pair of rotary members is rotated
relative to each other, one of the pair of rotary members acts
on the switching member of the second connection/discon-
nection mechanism in one direction of the rotation axial
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direction, and thus the switching member 1s moved 1n the
rotation axial direction to switch the connection/disconnec-
tion state of the second connection/disconnection mecha-
nism. Herein, one of the pair of rotary members of each of
the first thrust force amplification mechanism and the second
thrust force amplification mechanism 1s connected to the
rotary member whose rotating speed 1s increased 1n propor-
tion to the vehicle speed 1n a non-rotatable relatively manner
respectively, and thus the relative rotating speed between the
pair of rotary members 1s also high. Theretfore, the first thrust
force amplification mechanism and the second thrust force
amplification mechanism can be actuated quickly thereby to
switch the connection/disconnection state of each of the first
connection/disconnection mechanism and the second con-
nection/disconnection mechanism quickly. Thus, since the
connection/disconnection state of each of the first connec-
tion/disconnection mechanism and the second connection/
disconnection mechanism can be switched quickly, a con-
nection/disconnection mechanism with a low responsivity 1s
not allected when switching the drive state of the four-wheel
drive apparatus and thereby decrease of the responsivity 1s
suppressed. Further, since at least one of the first connection/
disconnection mechamism and the second connection/dis-
connection mechanism 1s provided with the synchronization
mechanism for synchronizing the rotations of the power
input shaft and the power output shatt, the first connection/
disconnection mechamism and the second connection/dis-
connection mechamism can be connected with the power
input shait and the power output shait being rotated in
synchronization by the synchronization mechanism during
traveling.

Further, 1n the vehicle four-wheel drive apparatus as
described above, (a) each of the first thrust force amplifi-
cation mechanism and the second thrust force amplification
mechanism may be a ball cam or a rotary cam. In this way,
i a relative rotation occurs between the pair of rotary
members, the ball cam or the rotary cam 1s actuated and the
pair of rotary members 1s axially expanded, and thus the
torque of the first control clutch and the second control
clutch 1s amplified and output through the ball cam or the
rotary cam.

Further, 1n the vehicle four-wheel drive apparatus as
described above, each of the first actuator and the second
actuator may be configured of an electromagnetic solenoid,
a motor mechanism or a hydraulic mechamism. In this way,
engagement states of the first control clutch and the second
control clutch can be switched by drniving the electromag-
netic solenoid, the motor mechanism or the hydraulic
mechanism.

Further, 1in the vehicle four-wheel drive apparatus as
described above, 1t may be further provided with a fixing
mechanism for maintaining the connection/disconnection
states of the first connection/disconnection mechanism and
the second connection/disconnection mechanism. In this
way, even 1 the first actuator and the second actuator are not
actuated, the connection/disconnection states of the first
connection/disconnection mechanism and the second con-
nection/disconnection mechanism can be maintained by the
fixing mechanism, and the energy for maintaining the con-
nection/disconnection states of the first connection/discon-
nection mechanism and the second connection/disconnec-
tion mechanism can be eliminated.

Further, 1in the vehicle four-wheel drive apparatus as
described above, an electronic control coupling may be
provided 1n a power transmission path between the propeller
shaft and the auxiliary drive wheels for controlling the
torque transmitted to the auxiliary drive wheels. In this way,
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the driving force that 1s transmitted to the auxiliary drive
wheels can be properly adjusted by the electronic control
coupling.

Further, in the vehicle four-wheel drive apparatus as
described 1n the previous paragraph, (a) it may be provided
with a control device for switching connection or discon-
nection of the first connection/disconnection mechanism and
the second connection/disconnection mechanism, and (b) in
a case where each of the first connection/disconnection
mechanism and the second connection/disconnection
mechanism 1s provided with the synchronization mecha-
nism, when the first connection/disconnection mechanism
and the second connection/disconnection mechanism are to
be connected during traveling, the control device may actu-
ate the first actuator and the second actuator in a state where
the electronic control coupling 1s released. In this way, 1n a
case where the first connection/disconnection mechanism
and the second connection/disconnection mechanism both
are provided with the synchronization mechanisms, they can
be connected while being rotated individually 1n synchro-
nization in the first connection/disconnection mechanism
and the second connection/disconnection mechanism.
Theretfore, the first actuator and the second actuator can be
actuated at the same time or substantially the same time to
connect the first connection/disconnection mechanism and
the second connection/disconnection mechanism quickly.
Further, the load when being rotated in synchromization can
be shared among the synchronization mechamsms by releas-
ing the electronic control coupling.

Further, in the vehicle four-wheel drive apparatus as
described 1n the paragraph before the previous paragraph, (a)
it may be provided with a control device for switching
connection or disconnection of the first connection/discon-
nection mechanism and the second connection/disconnec-
tion mechanism, and (b) 1n a case where only one of the first
connection/disconnection mechanism and the second con-
nection/disconnection mechanism 1s provided with the syn-
chronization mechanism, when the first connection/discon-
nection mechamsm and the second connection/
disconnection mechanism are to be connected during
traveling, the control device may engage the electronic
control coupling and actuates the first actuator and the
second actuator. In this way, 1n a state where the electronic
control coupling i1s engaged, 1f rotation synchronization of
the connection/disconnection mechanism that 1s provided
with the synchronization mechanism 1s completed, the con-
nection/disconnection mechanism that 1s not provided with
the synchromzation mechanism 1s also rotated in synchro-
nization and can be connected. Therefore, the electronic
control coupling, the first actuator and the second actuator
can be actuated at the same time or substantially the same
time, to connect the first connection/disconnection mecha-
nism and the second connection/disconnection mechanism
quickly.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technical and industrial signifi-
cance of exemplary embodiments of the imvention will be
described below with reference to the accompanying draw-
ings, i which like numerals denote like elements, and
wherein:

FIG. 1 1s an overall view schematically illustrating a
configuration of a vehicle four-wheel drive apparatus that 1s
an embodiment of the invention;

FIG. 2 1s a sectional view illustrating a structure of a

transfer of FIG. 1;

5

10

15

20

25

30

35

40

45

50

55

60

65

6

FIG. 3 1s a schematic view illustrating an operation
principle of latching a piston by a holder of FIG. 2, and 1s

a diagram presenting a second cam, a piston, and a holder 1n
a circumfierential direction;

FIG. 4A 1s a portion of the transfer of FIG. 2 showing a
two-wheel drive (2WD) operating state of the transfer where
a first connection/disconnection mechanism 1s disconnected;

FIG. 4B 1s a portion of the transier of FIG. 2 showing a
synchronization process of the first synchronization mecha-
nism during a transition period for switching from the
two-wheel drive (ZWD) to the four-wheel drive (4WD);

FIG. 4C 1s a portion of the transfer of FIG. 2 showing a
state of switching to the four-wheel drive (4WD) where a
first connection/disconnection mechanism 1s connected:;

FIG. 5 1s a flowchart showing a process when the transfer
of FIG. 2 1s switched from the two-wheel drnive to the
four-wheel drive;

FIG. 6 15 a sectional view showing a structure around a
second connection/disconnection mechanism that 1s pro-
vided between a coupling and a rear diflerential of FIG. 1;

FIG. 7 1s a functional block diagram illustrating an
input/output system and a control function of an electronic
control device for controlling a drive state of the four-wheel
drive apparatus of FIG. 1;

FIG. 8 1s a main portion ol a control operation of the
clectronic control device 1 FIG. 7, specifically, 1s a tflow-
chart illustrating the control operation of switching from the
two-wheel drive to the four-wheel drive during traveling;

FIG. 9 1s a flowchart illustrating the control operation
when only a synchronization mechanism 1s provided in a
first connection/disconnection mechanism that corresponds
to other embodiment of the invention;

FIG. 10 1s an overall view schematically showing a
configuration of a vehicle four-wheel drive apparatus that 1s
another embodiment of the invention;

FIG. 11 1s a diagram showing a structure in a case where
a hydraulic mechanism 1s used as an actuator for switching
an engagement state of a first control clutch;

FIG. 12 1s a diagram showing a structure in a case where
a motor mechanism 1s used as an actuator for switching an
engagement state ol a first control clutch;

FIG. 13A 1s a diagram schematically illustrating a struc-
ture 1n a case where a first thrust force amplification mecha-
nism 1s configured of a rotary cam 1n a state 1n which a first
cam and a second cam are rotated integrally; and

FIG. 13B i1s a diagram schematically illustrating a struc-
ture 1n a case where a first thrust force amplification mecha-
nism 1s configured of a rotary cam 1n a state 1n which a first
cam and a second cam are rotated relative to each other.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the i1nvention will be
described with reference to the drawings. The drawings are
appropriately simplified or modified, and dimensional ratios
and shapes of respective sections may be not necessarily
precisely depicted 1n the following embodiments.

FIG. 1 1s an overall view schematically illustrating a
configuration of a vehicle four-wheel drnive apparatus 8
(hereimaftter, referred to as “four-wheel drive apparatus 87)
that 1s an embodiment of the invention. In FIG. 1, the
four-wheel drive apparatus 8 1s a drive apparatus based on
a FF vehicle that uses an engine 10 as a drive source and has
a first power transmission path for transmitting driving force
of the engine 10 to front wheels 121 and 12R (referred to as
“front wheels 12” 11 there 1s no need to distinguish) and a
second power transmission path for transmitting the driving
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force of the engine 10 to rear wheels 141 and 14R (referred
to as “rear wheels 14" if there 1s no need to distinguish). The
four-wheel drive apparatus 8 i1s configured to include an
automatic transmission 16, a front differential 17, a transier
18, a propeller shaft 20, a coupling 22, a rear diflerential 24
and the like. Although not shown i FIG. 1, a torque
converter that 1s a hydraulic transmission 1s provided
between the engine 10 and the automatic transmission 16.
Note that, the rear wheels 14 correspond to the auxiliary
drive wheels of the invention.

The automatic transmission 16 1s provided 1n a power
transmission path between the engine 12 and the front
differential 17, and 1s configured of a stepped automatic
transmission including for example, a plurality of planetary
gear devices and a Iriction engagement device (clutch,
brake). Further, since the automatic transmission 16 1s well
known 1n the art, a description of specific structure and
operation thereof 1s omitted.

The front differential 17 (front differential gear) 1s con-
figured to include a casing 17¢ and a differential mechanism
17d that 1s configured of well-known bevel gears, and
transmits the driving force while giving an appropnate
differential rotation to left and right front axles 26L. and 26R
(referred to as “front wheel axle 26” 11 there 1s no need to
distinguish) of the front wheels 14. A ring gear 17~ 1s formed
in the casing 17¢ of the front differential 17, and 1s engaged
with an output gear 16q that 1s an output rotary member of
the automatic transmission 16. Therefore, the driving force
output from the automatic transmission 16 is mput to the
ring gear 17r. Further, since the front differential 17 1s well
known 1n the art, a description of specific structure and
operation thereof 1s omitted.

The transter 18 1s provided side by side with respect to the
front differential 17 1n an axial direction of the front wheel
axle 26. The transter 18 1s configured to include a first rotary
member 32 that 1s connected to the casing 17¢ of the front
differential 17, a second rotary member 34 that 1s formed
with a ring gear 33 for transmitting the driving force to the
rear wheels 14, and a first connection/disconnection mecha-
nism 36 that 1s configured of a dog clutch (engagement
clutch) and that selectively connects or disconnects the
power transmitted to the propeller shaft 20 via the transier
18. Each of the first rotary member 32, the second rotary
member 34, and the first connection/disconnection mecha-
nism 36 1s disposed around a rotation axis C1 of the front
wheel axle 26. In addition, the structure and operation of the
first connection/disconnection mechanism 36 will be
described later. The propeller shaft 20 1s interposed between
the second rotary member 34 that functions as an output
shaft of the transfer 18 and the coupling 22 and the rear
wheels 14 (auxiliary drive wheels), and transmits the driving,
force from the transfer 18 to the rear wheels 14. Note that,
the first rotary member 32 corresponds to the power input
shaft and the rotary member whose rotating speed 1s
increased 1n proportion to the vehicle speed of the invention,
and the second rotary member 34 corresponds to the power
output shaft of the invention.

The coupling 22 (corresponding to the electronic control
coupling of the invention) 1s provided between the propeller
shaft 20 and the rear differential 24, and transmits a torque
between one rotary element 22a which 1s connected to the
propeller shaft 20 and the other rotary element 2256 on the
side of the rear wheels 14. The coupling 22 1s an electronic
control coupling that 1s configured of for example, a wet
multi-plate clutch, and can change a torque distribution
between the front wheels and the rear wheels continuously
from 100:0 to 50:0 by controlling the transmitted torque of
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the coupling 22. Specifically, when a current 1s supplied to
an electromagnetic solenoid (not shown) for controlling the
transmitted torque of the coupling 22, the coupling 22 1s
engaged by an engagement force that 1s proportional to the
current value. For example, when no current 1s supplied to
the electromagnetic solenoid, the engagement force of the
coupling 22 is zero, that 1s, the transmitted torque 1s zero,
and the torque distribution between the front wheels and the
rear wheels 1s 100:0. Further, 1f the current of the electro-
magnetic solenoid 1s increased and thus the coupling 22 1s
completely engaged, the torque distribution between the
front wheels and the rear wheels 1s 50:50. Thus, the torque
distribution that 1s transmitted to the rear wheel side 1s
increased as the current value that 1s supplied to the elec-
tromagnetic solenoid i1s increased, and by controlling the
current value, 1t 1s possible to continuously change the
torque distribution between the front wheels and the rear
wheels. Further, since the coupling 22 1s well known in the
art, a description of specific structure and operation thereof
1s omitted.

The other rotary element 226 of the coupling 22 1s
connected to a drive pinion 48. The drive pinion 48 is
engaged with a ring gear 51 formed on a third rotary member
50 that 1s rotatable around a rotation axis C2 of rear wheel
axle 49. In addition, a fourth rotary member 352 1s disposed
side by side with respect to the third rotary member 50 in the
axial direction such that 1t 1s rotatable around the rotation
axis C2 of rear wheel axle 49.

A second connection/disconnection mechanism 34 1s pro-
vided between the downstream side of the propeller shait 20
(coupling 22) and the rear wheels 14, and selectively con-
nects or disconnects a power transmission between the
propeller shatt 20 and the rear wheels 14. More specifically,
the second connection/disconnection mechanism 34 1s pro-
vided between the third rotary member 50 and the fourth
rotary member 52 and around the rotation axis C2 of the rear
wheel axle 49, and selectively connects or disconnects the
third rotary member 50 and the fourth rotary member 52. In
addition, the structure and operation of the second connec-
tion/disconnection mechanism 54 will be described later.
Note that, the third rotary member 50 corresponds to the
power mput shait of the mvention, and the fourth rotary
member 52 corresponds to the power output shait and the
rotary member whose rotating speed 1s 1ncreased in propor-
tion to the vehicle speed of the invention.

The rear differential 24 1s configured to include a casing
24¢c and a differential mechanism 244 that 1s configured of
well-known bevel gears. Further, since the rear differential
24 1s well known 1n the art, a description of specific structure
and operation thereol omitted.

FIG. 2 1s a sectional view 1llustrating a structure around
the transfer 18. The transfer 18 1s provided between the
casing 17c¢ of the front differential 17 and a driven pinion 55
that 1s connected to the propeller shaft 20 and around the
rotation axis C1 of the front wheel axle 26 (26R), and
transmits a portion of the driving force that 1s output from
the engine 10 to the rear wheels (auxiliary drive wheels).

The transfer 18 1s configured to include the first rotary
member 32 of a cylindrical shape that 1s splined with the
casing 17¢ of the front differential 17 and 1s rotatable around
the rotation axis C1 of the front wheel axle 26, the second
rotary member 34 of a cylindrical shape that 1s provided with
the ring gear 33 engaged with the driven pinion 535 and 1s
rotatable around the rotation axis C1 of the front wheel axle
26 as the first rotary member 32, the first connection/
disconnection mechanism 36 that has the dog clutch (en-
gagement clutch) and selectively connects or disconnects the
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first rotary member 32 and the second rotary member 34; a
first thrust force amplification mechanism 356 that generates
a thrust force for switching a connection/disconnection state
of the first connection/disconnection mechanism 36; a first
control clutch 60 that 1s provided between a first cam 74
(which will be described later) of the first thrust force
amplification mechanism 56 and a transfer casing 58 that 1s
the non-rotary member, a first electromagnetic solenoid 62
that 1s used to adjust (control) an engagement force of the
first control clutch 60, and a first synchronization mecha-
nism 64 that functions as a rotation synchronization device
when connecting the first rotary member 32 and the second
rotary member 34 by the {first connection/disconnection
mechanism 36. These members are all disposed around the
rotation axis C1. Note that, the first synchronization mecha-
nism 64 corresponds to the synchronization mechanism of
the 1nvention.

The first rotary member 32 1s disposed radially outside of
the front wheel axle 26, and 1s supported such that it 1s
rotatable around the rotation axis C1 as the front wheel axle
26. Specifically, ball bearings 66 and 67 are fitted at both
ends of the first rotary member 32 1n the axial direction, and
the first rotary member 32 1s supported by these ball bearings
66 and 67 in the transfer casing 58 such that 1t 1s rotatable.
Further, an end on the side close to the front differential 17
(left side 1n the drawing) 1s splined with the casing 17¢ of the
front differential 17 1n the axial direction of the first rotary
member 32. Theretore, the first rotary member 32 1s rotated
around the rotation axis C1 together with the front difler-
ential 17.

The second rotary member 34 1s disposed radially outside
of the first rotary member 32, and 1s supported such that 1t
1s rotatable around the rotation axis C1 of the front wheel
axle 26 as the first rotary member 32. Specifically, the
second rotary member 34 1s supported by double row
contact ball bearings 68 such that 1t i1s rotatable 1 a
cantilever state. The ring gear 33 that 1s engaged with the
driven pinion 53 1s fixed 1n a non-rotatable relatively manner
at an outer peripheral end on the side close to the front
differential 17 in the axial direction of the second rotary
member 34.

The first connection/disconnection mechanism 36 1s dis-
posed between the first rotary member 32 and the second
rotary member 34, and selectively connects or disconnects a
power transmission between the first rotary member 32 and
the second rotary member 34. The first connection/discon-
nection mechanism 36 1s configured to movable in the
rotation axial direction of the front wheel axle 26 such that
a first position that indicates a position lower than the
rotation axis C1 of the front wheel axle 26 1n FIG. 2 for
connecting the first rotary member 32 and the second rotary
member 34 and a second position that indicates a position
upper than the rotation axis C1 of the front wheel axle 26 in
FIG. 2 for disconnecting the first rotary member 32 and the
second rotary member 34 can be obtained. The first con-
nection/disconnection mechanism 36 1s configured to
include a movable sleeve 70 that 1s formed with outer
engagement teeth 70a on the outer peripheral portion, and
engagement teeth 72 that are formed on an axial end on the
side close to the front differential 17 1n the axial direction of
the second rotary member 34. The movable sleeve 70 1s
splined with outer teeth 32a that are formed on the first
rotary member 32 by its mnner peripheral portion, and 1s
provided such that it 1s non-rotatable relative to the first
rotary member 32 and 1s movable relative to 1t 1n the axial
direction. Note that, the movable sleeve 70 corresponds to
the switching member of the mmvention.
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A state where the outer engagement teeth 70aq and the
engagement teeth 72 are disengaged 1s shown on the upper
side with respect to the rotation axis C1 of FIG. 2. In this
state, since the movable sleeve 70 1s moved to the side of the
front differential 17 in the axial direction of the front wheel
axle 26 and disconnects the first rotary member 32 and the
second rotary member 34, the driving force from the engine
10 15 not transmaitted to the second rotary member 34. Thus,
the movable sleeve 70 can be moved to the second position
for disconnecting the first rotary member 32 (power 1mput
shaft) and the second rotary member 34 (power output shait)
as shown with respect to the upper side of the rotation axis
C1 of FIG. 2. On the other hand, a state where the outer
engagement teeth 70a are engaged with the engagement
teeth 72 1s shown on the lower side with respect to the
rotation axis C1 of FIG. 2. In this state, since the movable
sleeve 70 1s moved to the opposite side to the front differ-
ential 17 1n the axial direction of the front wheel axle 26 and
connects the first rotary member 32 and the second rotary
member 34, the driving force from the engine 10 1s trans-
mitted to the second rotary member 34. That 1s, the driving
force of the engine 10 1s transmitted to the propeller shaft 20
(rear wheel side) via the transfer 18. Thus, the movable
sleeve 70 can be moved to the first position for connecting
the first rotary member 32 (power imput shait) and the
second rotary member 34 (power output shait), as shown on
the lower side with respect to the rotation axis C1 of FIG. 2.

Further, a spring 73 1s provided between the ball bearing
66 and the movable sleeve 70 1n the axial direction and acts
on the movable sleeve 70 on the side of the ball bearing 67
in the axial direction (opposite side to the front differential
17). In other words, 1t acts on the side that the outer
engagement teeth 70aq are engaged with the engagement
teeth 72.

The first thrust force amplification mechamsm 56 1s
provided between the first rotary member 32 and the second
rotary member 34 as viewed from the axial direction. The
first thrust force amplification mechanism 56 1s ball cam,
and 1s configured of a first cam 74 that 1s rotatable around the
rotation axis C1 of the front wheel axle 26, a second cam 76
that 1s rotatable around the rotation axis C1 of the front
wheel axle 26 as the first cam 74 and 1s configured to be
movable 1n the axial direction relative to the front wheel axle
26, and a ball 78 that 1s interposed between the first cam 74
and the second cam 76 1n the axial direction. Further, the first
thrust force amplification mechanism 56 1s further provided
with a piston 80 that 1s movable 1n the axial direction
together with the second cam 76 by contacting with the
second cam 76, and a spring 82 that 1s interposed between
the piston 80 and the second cam 76 1n the axial direction
and acts on the second cam 76 to the side of the first cam 74
(the side of the bearing 67) 1n the axial direction. Note that,
the first cam 74 corresponds to the other one of the pair of
rotary members of the mvention, and the second cam 76
corresponds to the one of the pair of rotary members of the
invention.

The first cam 74 has a circular ring shape, and the inner
peripheral surface thereof 1s slidably fitted to the outer
peripheral surface of the first rotary member 32. The outer
peripheral end of the first cam 74 1s splined with iner clutch
plates constituting the first control clutch 60 1 a non-
rotatable relatively manner. The second cam 76 has a
circular ring shape, and the inner peripheral portion 1is
splined with the outer peripheral portion of the first rotary
member 32 and thus 1s not rotatable relative to the first rotary
member 32 but 1s movable 1n the axial direction. A protru-
s1on portion 1s formed to extend from an end of the second
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cam 76 1n the axial direction to the side of the first connec-
tion/disconnection mechanism 36, and an axial end of the
protrusion portion contacts the piston 80.

Cam surfaces 74a and 76a of a groove shape are formed
on facing surfaces of the first cam 74 and second cam 76
respectively, and the ball 78 1s iserted such that 1t 1s
sandwiched by the pair of cam surfaces 74a and 76a.
Moreover, when the first cam 74 and the second cam 76 are
rotated relative to each other, since the ball 78 1s to expand
the cam surfaces 74a and 76a of the first cam 74 and the
second cam 76 1n the axial direction, the first cam 74 and the
second cam 76 are moved away relative to each other in the
axial direction. Further, since the end of the second cam 76
on the side of the front differential 17 1n the axial direction
contacts an end of the piston 80 1n the axial direction, for
example, 1 the second cam 76 1s moved to the side of the
front differential 17 in the axial direction, the piston 80 is
also moved to the side of the front differential 17 in the axial
direction 1n conjunction with the second cam 76. The piston
80 15 interposed between the second cam 76 and a holder 94
(which will be described later) and the first synchronization
mechanism 64, and is rotatable relative to the first rotary
member 32 and 1s movable 1n the axial direction.

The first control clutch 60 1s disposed radially outside of
the first thrust force amplification mechanism 56 (first cam
74), and can selectively engages (fully engages) or slidably
engages the first cam 74 constituting the first thrust force
amplification mechanism 56 with the transfer casing 58 that
1s the non-rotary member. The first control clutch 60 1is
configured to include inner clutch plates of a disc shape that
are splined with the outer peripheral end of the first cam 74
and thus are not rotatable relative to the first cam 74 but are
movable relative to it in the axial direction, outer clutch
plates of a disc shape that are stacked alternately on the mner
clutch plates and 1n which their outer peripheral portions are
splined with the transfer casing 58 such that they are not
rotatable relative to i1t but are movable relative to 1t in the
axial direction, and an armature 86 in which their outer
peripheral portions are splined with the transfer casing 38
such that they are not rotatable relative to 1t but are movable
relative to 1t 1n the axial direction as the outer clutch plates.
A Iriction engagement element 84 of the first control clutch
60 1s configured of the inner clutch plates and the outer
clutch plates.

The first electromagnetic solenoid 62 1s disposed at a
position at which the friction engagement element 84 and
the armature 86 of the first control clutch 60 overlap as
viewed from the axial direction. When a current flows
through the first electromagnetic solenoid 62, a magnetic
flux 1s generated 1n the vicinity of the electromagnetic
solenoid, and the armature 86 1s configured to be attracted to
the side of the first electromagnetic solenoid 62 1n the axial
direction. Therefore, when the current flows through the first
clectromagnetic solenoid 62, the armature 86 pushes the
friction engagement element 84, and the first control clutch
60 1s engaged or slidably engaged. As a result, since when
the current flows through the first electromagnetic solenoid
62 the first control clutch 60 1s engaged or slidably engaged,
a rotation suppression torque 1s applied to the first cam 74 of
the first thrust force amplification mechanism 56. Note that,
the first electromagnetic solenoid 62 corresponds to the first
actuator of the invention.

If the rotation of the first cam 74 of the first thrust force
amplification mechanism 56 is stopped or lowered, a relative
rotation occurs between the first cam 74 and the second cam
76 that 1s rotated integrally with the first rotary member 32,
and therefore the first cam 74 and the second cam 76 are

10

15

20

25

30

35

40

45

50

55

60

65

12

expanded by the ball 78 in the axial direction. Here, since the
movement of the first cam 74 in the axial direction due to
contact with the transfer casing 58 via a thrust bearing is
restricted, the second cam 76 1s moved to the side of the
front difterential 17 1n the axial direction. Further, if the
second cam 76 1s moved 1n the axial direction, the piston 80
that contacts the second cam 76, a synchronization ring 88
of the first synchronization mechanism 64 that abuts the
piston 80 via a thrust bearing, and the movable sleeve 70 of
the first connection/disconnection mechanism 36 that abuts
the synchronization ring 88 are also moved to the side of the
front differential 17 1n the axial direction.

The first synchronization mechanism 64 for synchroniz-
ing the rotations of the first rotary member 32 and the second
rotary member 34 1s provided between the piston 80 and the
movable sleeve 70 of the first connection/disconnection
mechamism 36 1n the axial direction of the front wheel axle
26. That 1s, the first synchronization mechanism 64 func-
tions as a synchronization device when connecting the first
connection/disconnection mechanism 36, and 1s provided as
a portion of the first connection/disconnection mechanism
36. The first synchronization mechanism 64 1s configured to
include the synchronization ring 88, a iriction engagement
member 90 that 1s splined with the movable sleeve 70 such
that the friction engagement member 90 1s not rotatable
relative to 1t but 1s movable in the axial direction, and a
friction engagement member 92 that 1s splined with the
second rotary member 34 such that the friction engagement
member 92 1s not rotatable relative to 1t but 1s movable
relative to 1t 1n the axial direction.

The synchronization ring 88 has a circular ring shape and
the 1inner peripheral portion thereot 1s splined with the first
rotary member 32, and thereby the synchronization ring 88
1s configured to be not rotatable relative to the first rotary
member 32 but movable 1n the axial direction. The friction
engagement member 90 has a conical shape, and the 1inner
peripheral portion thereof 1s splined with the movable sleeve
70. Further, the conical surface of the outer peripheral side
of the iriction engagement member 90 1s brought into
slidable contact with the conical surface formed on the 1inner
peripheral side of the second rotary member 34, and the
conical surface of the mner peripheral side 1s brought into
slidable contact with the conical surface of the outer periph-
eral side of the friction engagement member 92. Further, the
outer peripheral surface of the synchronization ring 88 1is
formed 1n a conical shape, and the conical surface of the
inner peripheral side of the friction engagement member 92
1s brought into slidable contact with the conical surface of
the outer peripheral side of the synchronization ring 88.
Further, a thrust bearing 1s interposed between the synchro-
nization ring 88 and the piston 80.

In the first synchronization mechanism 64 that 1s config-
ured as above, 1f the synchronization ring 88 1s pressed
against the side of the movable sleeve 70 by the piston 80,
a Iriction force 1s generated on a sliding contact surface
between the synchronization ring 88 and the friction engage-
ment member 92, a sliding contact surface between the
friction engagement member 90 and the friction engagement
member 92, and a sliding contact surface between the
second rotary member 34 and the Iriction engagement
member 90. The first rotary member 32 and the second
rotary member 34 are rotated in synchronization by the
tfriction force. I1 the first rotary member 32 and the second
rotary member 34 are rotated in synchronization, outer
engagement teeth 70a of the first connection/disconnection
mechanism 36 can be engaged with the engagement teeth 72
during traveling.
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The first holder 94 that functions as a fixation mechanism
(latching mechanism) for maintaining the connection/dis-
connection state of the first connection/disconnection
mechanism 36 1s provided between the piston 80 and the first
thrust force amplification mechanism 56. The first holder 94
1s formed 1n a circular ring shape, and 1s fixed on the first
rotary member 32 such that the first holder 94 1s not rotatable
relative to 1t and 1s not movable 1n the axial direction.
Further, latching teeth 94a and 9456 (see FIG. 3) are formed
on the outer peripheral surface of the first holder 94. Note
that, the first holder 94 corresponds to the fixation mecha-
nism of the mvention.

FIG. 3 1s a schematic view 1illustrating an operation
principle of the first holder 94 latching the piston 80, and
corresponds to a diagram presenting the second cam 76, the
piston 80, and the first holder 94 1n a circumierential
direction. In addition, in FIG. 3, the vertical direction of the
paper sheet corresponds to the axial direction of the rotation
axis C1, and the left and right direction of the paper sheet
corresponds to the circumierential direction (rotation direc-
tion). Further, although not shown, the spring 73 always acts
on the piston 80 to the side of the second cam 76 (lower side
in the paper sheet) in the axial direction.

The latching teeth 94aq and the latching teeth 9456 for
latching the piston 80 as described above are formed peri-
odically on the outer peripheral surface of the side close to
the front differential 17 1n the axial direction of the first
holder 94. The latching teeth 944 and the latching teeth 945
are formed at diflerent positions in the axial direction.
Further, protrusions 80q for latching the latching teeth 94a
and 946 are formed periodically on the piston 80. Further,
pressing teeth 76a and pressing teeth 7656 that contact the
protrusions 80a of the piston 80 when the second cam 76
contacts the piston 80 are formed periodically on the axial
end of the second cam 76. The pressing teeth 76a and the
pressing teeth 765 are formed at different positions in the
axial direction. Moreover, since the second cam 76 and the
first holder 94 are not rotatable relative to the first rotary
member 32, the relative positions of the pressing teeth 764
and 765 of the second cam 76 and the latching teeth 944 and
945 of the first holder 94 are not changed in the circumier-
ential direction (rotation direction).

The piston 80 at position A indicated by a solid line in
FIG. 3 shows a state where the protrusions 80a of the piston
80 are latched by the latching teeth 94a of the first holder 94.
In this state, a state where the piston 80 1s moved to the side
of the second cam 76 (the side of the ball bearing 67) 1n the
axial direction 1s shown. This corresponds to the state of the
lower side with respect to the rotation axis C1 in FIG. 2, that
1s a state where the outer engagement teeth 70q are engaged
with the engagement teeth 72 in the first connection/discon-
nection mechanism 36. That 1s a state where the first rotary
member 32 and the second rotary member 34 are connected
by the first connection/disconnection mechanism 36.

If the second cam 76 reciprocates once i the axial
direction by the first thrust force amplification mechanism
56 from the this state, the protrusions 80a are lifted by the
pressing teeth 76a4. In this case, the piston 80 1s moved 1n the
axial direction to resist the action force of the spring 73, the
protrusions 80a 1s moved beyond the latching teeth 944 and
to the side of the latching teeth 945 and slide on the slopes
of the latching teeth 9454, such that 1t 1s latched at position
B indicated by a dashed line. In this state, the piston 80 is
moved to the side of the front differential 17 1n the axial
direction, that 1s the stated of the upper side with respect to
the rotation axis C1 in FIG. 2. That 1s, the outer engagement
teeth 70a are disengaged from the engagement teeth 72 in
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the first connection/disconnection mechanism 36, that 1s a
state where the first rotary member 32 and the second rotary
member 34 are disconnected by the first connection/discon-
nection mechanism 36.

In addition, if the second cam 76 reciprocates once from
the state where the piston 80 1s latched at position B, the
protrusions 80a are lifted by the pressing teeth 765 of the
second cam 76. In this case, the piston 80 1s moved in the
axial direction to resist the action force of the spring 73, the
protrusions 80q 1s moved beyond the latching teeth 946 and
to the side of the latching teeth 94a and slide on the slopes
of the latching teeth 94a, such that the piston 80 1s latched
at position A as indicated by a dashed line. Thus, each time
the second cam 76 reciprocates once, the piston 80 1s latched
at one of position A at which the first connection/discon-
nection mechanism 36 1s connected by the first holder 94 and
position B at which the first connection/disconnection
mechanism 36 1s disconnected by the first holder 94. Further,
in a state where the second cam 76 does not operate, the
piston 80 1s maintained mechanically at one of position A
and position B by the first holder 94.

The operation of the transfer 18 that i1s configured as
described above will be described with reference to FIG. 4A
to FIG. 5. FIG. 4A, FIG. 4B and FIG. 4C are a portion of the
transier 18 of FIG. 2 (the portion related to the connection/
disconnection of the first connection/disconnection mecha-
nism 36), and show an operating state of the transfer 18 in
time series when it 1s switched from a two-wheel drive
(2WD) to a four-wheel drive (4WD). FIG. 4A shows a
two-wheel drive state that 1s a state where the first connec-
tion/disconnection mechanism 36 1s disconnected, FIG. 4B
shows a synchronization process (rotation synchronization
process) of the first synchronization mechanism 64 during a
transition period for switching from the two-wheel drive to
the four-wheel drive, and FI1G. 4C shows a state of switching
to the four-wheel drive that 1s a state where the first
connection/disconnection mechanism 36 1s connected. FIG.
5 shows a process that the transfer 18 1s switched from the
two-wheel drive to the four-wheel drive 1n a tlowchart.

In the two-wheel drive as shown 1n FI1G. 4A, the piston 80
1s maintained at position B of FIG. 3. That 1s a state where
the protrusions 80a of the piston 80 are latched by the
latching teeth 9456 of the first holder 94. At this time, the
movable sleeve 70 1s moved to the side of the front differ-
ential 17 by the piston 80 via the synchronization ring 88 and
the thrust bearing, and 1s maintained at the position (second
position) as shown in FIG. 4A. Therefore, the outer engage-
ment teeth 70q of the movable sleeve 70 and the engagement
teeth 72 are disengaged, and the first rotary member 32 and
the second rotary member 34 are disconnected.

The two-wheel drive of FIG. 4A corresponds to the
disconnection state of step S1 of FIG. 5. The operation will
be explained below according to the flowchart of FIG. 5. IT
the first electromagnetic solenoid 62 1s energized 1n step S2
of FIG. 5, the armature 86 1s attracted to the side of the first
clectromagnetic solenoid 62 (armature attraction) 1n step S3,
and a clutch torque 1s generated 1n the first control clutch 60
(step S4). Then, 1f the first control clutch 60 1s engaged or
half engaged, a rotation suppression torque 1s applied to the
first cam 74, and a relative rotation occurs between the first
cam 74 and the second cam 76 (step S3). Accordingly, the
ball 78 expands the first cam 74 and the second cam 76
toward a deviation direction 1n the axial direction, and thus
the second cam 76 1s moved to the side of the front
differential 17 in the axial direction (step S6). Moreover, the
second cam 76 from the axial movement, the piston 80 1s
pressed by the second cam 76 in the axial direction, the
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synchronization ring 88 are moved 1n the axial direction to
the side of the front differential 17 also movable sleeve 70
(step S7).

Further, since the synchronization ring 88 1s moved 1n the
axial direction, a Iriction force 1s generated between the
outer peripheral surface of the synchronization ring 88 and
the mnner peripheral surface of the Iriction engagement
member 92, between the outer peripheral surface of the
friction engagement member 92 and the inner peripheral
surface of the friction engagement member 90, and between
the outer peripheral surface of the Iriction engagement
member 90 and the inner peripheral surface of the second
rotary member 34, and the rotations of the first rotary
member 32 and the second rotary member 34 starts to be
synchronized (in synchronization) by the friction force (step
S8). This state corresponds to FIG. 4B. In FIG. 4B, 1t 1s a
state where the second cam 76 1s further moved to the side
of the front differential 17 1n the axial direction as compared
with the state shown 1n FIG. 4A, and the piston 80 that 1s
pressed by the second cam 76, the synchronization ring 88,
and the movable sleeve 70 are also further moved to the side
of the front differential 17. Moreover, since the friction force
1s generated by the synchromization ring 88 and the friction
engagement members 90 and 92 being pressed by each
other, the first rotary member 32 and the second rotary
member 34 are rotated in synchromization.

Further, 11 a relative rotating speed between the first rotary
member 32 and the second rotary member 34 1s equal to or
less than an allowable value (step S9), 1t 1s determined that
the first connection/disconnection mechanism 36 can be
connected, and the energization of the first electromagnetic
solenoid 62 1s shut ofl (step S10). In addition, the relative
rotating speed of the first rotary member 32 and the second
rotary member 34 1s calculated using a diflerence between a
rotating speed N1 that 1s detected by a first rotating speed
sensor 122 (see FIG. 7) for detecting the rotating speed N1
of the first rotary member 32 and a rotating speed N2 that 1s
detected by a second rotating speed sensor 124 (see FI1G. 7)
for detecting a rotating speed N2 of the second rotary
member 34.

If the energization of the first electromagnetic solenoid 62
1s shut ofl, the pressing force of the second cam 76 by the
first thrust force amplification mechanism 56 becomes zero,
and thus the movable sleeve 70, the synchronization ring 88,
the piston 80, and the second cam 76 are pushed back to the
side of the ball bearing 67 1n the axial direction by the action
force of the spring 73 (step S11). At this time, since the first
rotary member 32 and the second rotary member 34 are
rotated 1n synchronization, when the movable sleeve 70 1s
pushed back, the outer engagement teeth 70a of the movable
sleeve 70 and the engagement teeth 72 are engaged (step
S12). Further, the piston 80 1s latched at position A 1n FIG.
3 by the first holder 94 (step S13). In addition, since the
spring 82 acts on the second cam 76 1n the axial direction,
the second cam 76 1s pushed back to the side of the ball
bearing 67 (step S14).

The state of step S11 to step S14 corresponds to FIG. 4C.
In FIG. 4C, since the movable sleeve 70, the synchronization
ring 88, the piston 80, and the second cam 76 are pushed
back to the side of the ball bearing 67 1n the axial direction
by the action force of the spring 73, the piston 80 becomes
the state of position A i FIG. 3. In other words, the
protrusions 80a of the piston 80 are latched by the latching,
teeth 944a of the first holder 94. Thus, the piston 80 1s pushed
back to position A in FIG. 3 by the spring 73, and thus the
movable sleeve 70 1s also pushed back to a position (first
position) at which the outer engagement teeth 70a and the
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engagement teeth 72 are engaged. Accordingly, the first
rotary member 32 and the second rotary member 34 are
connected, and a portion of the driving force of the engine
10 1s transmitted to the rear wheel side via the transfer 18.
Further, even 11 the energization of the first electromagnetlc
solenoid 62 1s shut ofl, the four-wheel drive state 1s main-
tained mechamically by the first holder 94.

Further, i the first electromagnetic solenoid 62 1s ener-
gized again from the four-wheel drive state, the piston 80,
the synchronization ring 88, and the movable sleeve 70 are
moved 1n the axial direction as the second cam 76 1s moved
in the axial direction, which 1s the same as the above action.
If the protrusions 80a of the piston 80 are lifted by the
pressing teeth 76a of the second cam 76 and moved from the
latching teeth 94a to the side of the latching teeth 945, the
energization of the first electromagnetic solenoid 62 1s shut
ofl, and the protrusions 80a of the piston 80 are pushed back
by the sprmg 73 and latched by the latchmg teeth 945
(position B 1n FIG. 3). In this case, it 1s the state 1n FIG. 4A,
the outer engagement teeth 70a and the engagement teeth 72
are disengaged in the first connection/disconnection mecha-
nism 36, and the first rotary member 32 and the second
rotary member 34 are disconnected (two-wheel drive). Thus,
if the second cam 76 reciprocates two times, it returns to the
original state.

By being configured as described above, even if the
torque that 1s generated in the first control clutch 60 1s low,
the torque can be amplified by the ball cam constituting the
first thrust force amplification mechanism 56 to obtain a
large thrust force at the piston 80. Further, the first thrust
force amplification mechanism 56 operates by using the
relative rotation between the first cam 74 and the second cam
76. However, since the second cam 76 1s connected to and
rotated integrally with the first rotary member 32 and thus 1s
rotated at a speed proportional to the vehicle speed V, when
the rotation of the first cam 74 1s stopped or lowered by the
first control clutch 60, the relative rotation between the first
cam 74 and the second cam 76 1s large, and thus the first
thrust force amplification mechamsm 56 1s actuated quickly.
That 1s, the responsivity of the first connection/disconnec-
tion mechanism 36 1s high.

In the four-wheel drive apparatus 8 of this embodiment,
the second connection/disconnection mechanism 54 that 1s
provided on the rear wheel side 1s configured similarly to the
first connection/disconnection mechanism 36 described
above. FIG. 6 1s a sectional view showing a structure around
the second connection/disconnection mechanism 54 that 1s
provided between the coupling 22 and the rear differential
24. As shown 1n FIG. 6, the following 1s provided between
the drive pinion 48 and the rear diflerential 24: the third
rotary member 50 (the power input shait of the invention)
that 1s prowded with the ring gear 51 which 1s engaged with
the drive pinion 48 and that 1s rotatable around the rotation
axis C2 of the rear wheel axle 49, the fourth rotary member
52 (the power output shaft of the invention) that 1s connected
to the casing 24¢ of the rear differential 24 and 1s rotatable
around the rotation axis C2 of the rear wheel axle 49 as the
third rotary member 50, the second connection/disconnec-
tion mechanism 54 having a dog clutch (engagement clutch)
that selectively connects or disconnects the third rotary
member 50 and the fourth rotary member, a second thrust
force amplification mechanism 96 that generates a thrust
force for switching the second connection/disconnection
mechanism 54, a second control clutch 100 that 1s provided
between a first cam 96a of the second thrust force amplifi-
cation mechanism 96 and a casing 98 that 1s a non-rotary
member, a second electromagnetic solenoid 102 that 1s used
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to adjust (control) an engagement force of the second control
clutch 100; a second synchronization mechanism 104 that
functions as a rotation synchronization device when con-
necting the third rotary member 50 and the fourth rotary
member by the second connection/disconnection mecha-
nism 34, a spring 106 that acts on a pair of engagement teeth
constituting the second connection/disconnection mecha-
nism 34 to the engagement side, and a second holder 108
that maintains the connection/disconnection state of the
second connection/disconnection mechanism 54. Note that,
the second electromagnetic solenoid 102 corresponds to the
second actuator of the invention, the second synchronization
mechanism 104 corresponds to the synchronization mecha-
nism of the invention, and the second holder 108 corre-
sponds to the fixation mechamism of the imnvention.

Since essentially the same structure as that of the transfer
18 on the front wheel side 1s provided on the rear wheel side,
the outline thereof will be described. In FIG. 6, the third
rotary member 50 1s configured to be rotatable around the
rotation axis C2 of the rear wheel axle 49, and the fourth
rotary member 52 1s also configured to be rotatable around
the rotation axis C2 of the rear wheel axle 49. Note that, the
third rotary member 50 corresponds to the power input shaft
of the invention, and the fourth rotary member 52 corre-
sponds to the power output shait and the rotary member
whose rotating speed 1s increased in proportion to the
vehicle speed of the invention.

Further, the second connection/disconnection mechanism
54 has a movable sleeve 54a that 1s provided with engage-
ment teeth on the outer peripheral portion thereof and 1s
configured to be movable 1n the axial direction of the
rotation of the rear wheel axle 49 1n order to obtain a first
position at which the third rotary member 50 and the fourth
rotary member that are rotatable around the rotation axis C2
of the rear wheel axle 49 are connected and which 1ndicates
the upper side with respect to the rotation axis C2 in FIG. 6
and a second position at which the third rotary member 50
and the fourth rotary member are disconnected and which
indicates the lower side with respect to the rotation axis C2
in FIG. 6. The inner peripheral portion of the movable sleeve
54a 1s splined with the fourth rotary member 52 such that the
movable sleeve 54a 1s not rotatable relative to 1t, and the
outer peripheral portion of the movable sleeve 54q 1s formed
with the above engagement teeth that can be engaged to
engagement teeth that are formed on the third rotary member
50. This pair of engagement teeth also constitutes the second
connection/disconnection mechanism 54. Note that, the
movable sleeve 54a corresponds to the switching member of
the 1nvention.

Further, the second thrust force amplification mechanism
96 15 a ball cam that 1s configured of a pair of a first cam 96a
and a second cam 965 which are rotatable around the
rotation axis C2 of the rear wheel axle 49 and a ball 96c¢
which 1s interposed between the first cam 964 and the second
cam 96b. If the first cam 96a and the second cam 965 are
configured to be rotated relative to each other, the ball 96c¢
1s rotated and these members 96a and 965 are axially
separated. Further, since the movement of the first cam 96q
in the axial direction due to contact with the casing 98 via
a thrust bearing 1s restricted, 11 the first cam 96a and the
second cam 96b are separated, the second cam 965 1s moved
in the axial direction, and a second piston 109, a synchro-
nization ring 104q of the second synchronization mechanism
104 and the movable sleeve 54a are also moved to the side
of the rear differential 24 in the axial direction of the rear
wheel axle 49 in conjunction with the second cam 9656. Note
that, the first cam 96a corresponds to the other one of the
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pair ol rotary members of the invention, and the second cam
965 corresponds to the one of the pair of rotary members of
the 1nvention.

The second control clutch 100 1s configured to attach a
rotation suppression torque to the first cam 96a by the
second electromagnetic solenoid 102. Further, the second
cam 965 constituting the second thrust force amplification
mechanism 96 1s connected to the fourth rotary member 52
whose rotating speed 1s increased 1n proportion to the
vehicle speed V 1n a non-rotatable relatively manner.

As described above, when the rear wheel side (a power
transmission path between the drive pinion 48 and the rear
differential 24) 1s configured, its operation 1s essentially the
same as that of the transfer 18 described above. For example,
if the second electromagnetic solenoid 102 1s energized
during traveling when the second connection/disconnection
mechanism 54 1s disconnected, a torque 1s generated in the
second control clutch 100, and the rotation suppression
torque 1s applied to the first cam 96a. Therefore, since a
relative rotation between the first cam 96a and the second
cam 965 constituting the second thrust force amplification
mechanism 96 occurs, the first cam 964 and the second cam
966 are axially separated such that the second cam 965 is
moved 1n the axial direction. Then, 1f the synchromzation
ring 104a of the second synchronization mechamsm 104 and
the movable sleeve 54a of the second connection/discon-
nection mechanism 54 are moved 1n the axial direction by
the second cam 965 of the second thrust force amplification
mechanism 96 to resist the action force of the spring 106, the
rotations of the third rotary member 50 and the fourth rotary
member 52 are synchronized by the second synchromization
mechanism 104. Further, when the energization of the
second electromagnetic solenoid 102 is shut ofl, the movable
sleeve 54a 1s pushed back to connect the second connection/
disconnection mechanism 54 by the action force of the
spring 106. In this case, the connection/disconnection state
of the second connection/disconnection mechanism 54 1is
maintained by the second holder 108. Thus, on the rear
wheel side, the connection/disconnection state of the second
connection/disconnection mechanism 54 1s switched based
on the same operation principle as that of the front wheel
side. Here, since the second cam 965 constituting the second
thrust force amplification mechanism 96 1s connected to and
rotated integrally with the fourth rotary member 52 and thus
1s rotated at a speed that 1s proportional to the vehicle speed
V, the relative rotation between the first cam 96a and the
second cam 96b 1s large when the rotation of the first cam
964 1s stopped or lowered and thus the second thrust force
amplification mechamsm 96 1s actuated quickly. That 1s, the
responsivity of the second connection/disconnection mecha-
nism 54 1s high.

In the four-wheel drive apparatus 8 of this embodiment,
since the first connection/disconnection mechanism 36 1s
provided on the front wheel side and the second connection/
disconnection mechanism 54 1s provided on the rear wheel
side, by disconnecting the first connection/disconnection
mechanism 36 and the second connection/disconnection
mechanism 54 during two-wheel dnive ftraveling, for
example, 1t 1s possible to disconnect the power transmission
to the propeller shait 20 and prevent a decrease 1n fuel
elliciency due to the traction of the propeller shaft 20 and the
like. Further, in a case where slide or the like occurs during
two-wheel drive traveling, for example, it 1s desired to
connect the first connection/disconnection mechanism 36
and the second connection/disconnection mechanism 54
quickly to switch to the four-wheel drive. In switching of the
drive state, responsivities of both the first connection/dis-
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connection mechanism 36 and the second connection/dis-
connection mechanism 34 are sought. That 1s, 11 either one
of the responsivities of the first connection/disconnection
mechanism 36 and the second connection/disconnection
mechanism 54 1s degraded, the switching responsivity of the
drive state of the four-wheel drive apparatus 8 1s degraded.
In contrast, since the first connection/disconnection mecha-
nism 36 and the second connection/disconnection mecha-
nism 54 for switching the drive state of the four-wheel drive
apparatus 8 both are configured as described above such that
the responsivity 1s high, the switching responsivity of the
drive state of the four-wheel drive apparatus 8 1s high.

Next, the switching of the drive state of the four-wheel
drive apparatus 8 that 1s configured as described above will
be described. FIG. 7 1s a functional block diagram illustrat-
ing an input/output system and a control function of an
clectronic control device 120 for controlling the drive state
(switching the connection/disconnection states of the first
connection/disconnection mechanism 36 and the second
connection/disconnection mechanism 54) of the four-wheel
drive apparatus 8.

A signal indicating the rotating speed N1 of the first rotary
member 32 that 1s detected by the first rotating speed sensor
122, a signal indicating the rotating speed N2 of the second
rotary member 34 that i1s detected by the second rotating
speed sensor 124, a signal indicating a rotating speed N3 of
the third rotary member 50 that 1s detected by a third rotating,
speed sensor 126, a signal indicating a rotating speed N4 of
the fourth rotary member 52 that 1s detected by a fourth
rotating speed sensor 128, a signal indicating a rotating
speed N5 of the downstream side of the coupling 22 that 1s
detected by a fifth rotating speed sensor 130 and the like are
input into the electronic control device 120. Further, a drive
signal for controlling the first electromagnetic solenoid 62 of
the first control clutch 60, a drive signal for controlling the
second electromagnetic solenoid 102 of the second control
clutch 100, a drive signal for controlling a third electromag-
netic solenoid 132 of the control coupling 22 and the like are
output from the electronic control device 120.

The electronic control device 120 functionally includes a
clutch control unit 140, a synchronization determination unit
142, a switching determination unit 144 and a coupling
control unit 146.

When receiving an instruction for switching the drive
state of the four-wheel drive apparatus 8, the clutch control
unit 140 energizes the first electromagnetic solenoid 62 and
the second electromagnetic solenoid 102 and generates

torques 1n the first control clutch 60 and the second control
clutch 100 to engage the first control clutch 60 and the
second control clutch 100.

If the first electromagnetic solenoid 62 1s energized, the
synchronization determination unit 142 determines whether
the relative rotating speed that 1s a rotating speed difference
N12 (N2-N1) between the first rotary member 32 and the
second rotary member 34 1s less than a predetermined
allowable value . That 1s, 1t 1s determined whether the
rotations of the first rotary member 32 and the second rotary
member 34 are synchronized by the first synchronization
mechanism 64. If the second electromagnetic solenoid 102
1s energized, the synchronization determination unit 142
determines whether the relative rotating speed that 1s a
rotating speed diflerence N34 (N4-N3) between the third
rotary member 50 and the fourth rotary member 52 1s less
than a predetermined allowable value {3. That 1s, 1t 1s
determined whether the rotations of the third rotary member
50 and the fourth rotary member 52 are synchronized by the
second synchronization mechanism 104. In addition, the

10

15

20

25

30

35

40

45

50

55

60

65

20

allowable values a., 3 are set to the rotating speed diflerences
such that when the first connection/disconnection mecha-
nism 36 and the second connection/disconnection mecha-
nism 54 are connected, the respective engagement teeth can
be engaged.

If the synchronization determination unit 142 determines
that the rotating speed difference N12 between the first
rotary member 32 and the second rotary member 34 is less
than the allowable value a and the rotating speed difference
N34 between the third rotary member 50 and the fourth
rotary member 352 is less than the allowable value {3, the
clutch control unit 140 outputs an instruction to shut ofj the
energizations of the first electromagnetic solenoid 62 and the
second electromagnetic solenoid 102. By shutting off the
energizations of the first electromagnetic solenoid 62 and the
second electromagnetic solenoid 102, the pressing by the
first thrust force amplification mechanism 56 and the second
thrust force amplification mechanism 96 is released, and the
connection/disconnection states of the first connection/dis-
connection mechanism 36 and the second connection/dis-
connection mechanism 54 are switched. In other words, the
latching position of the holder for latching the piston 1is
switched.

After the energizations of the first electromagnetic sole-
noid 62 and the second electromagnetic solenoid 102 are
shut off, the switching determination umt 144 determines
whether 1t 1s switched to the four-wheel drive or the two-
wheel drive. For example, 11 1t 1s detected that the movable
sleeve 70 constituting the first connection/disconnection
mechanism 36 1s located at a predetermined engagement
position at which the engagement teeth of the first connec-
tion/disconnection mechanism 36 are engaged and the mov-
able sleeve 34a constituting the second connection/discon-
nection mechamsm 54 1s located at a predetermined
engagement position at which the engagement teeth of the
second connection/disconnection mechanism 54 are
engaged, the switching determination unit 144 determines
that the switching to the four-wheel drive 1s completed.
Further, 11 1t 1s detected that the movable sleeve 70 of the first
connection/disconnection mechanism 36 1s located at a
predetermined disengagement position at which the engage-
ment teeth of the first connection/disconnection mechanism
36 are disengaged and the movable sleeve 54a of the second
connection/disconnection mechanism 54 1s located at a
predetermined disengagement position at which the engage-
ment teeth of the second connection/disconnection mecha-
nism 54 are disengaged, the switching determination umnit
144 determines that the switching to the two-wheel drive 1s
completed. Further, the positions of the movable sleeve 70
and the movable sleeve 34a are detected for example by
position sensors (not shown) for detecting the positions of
these movable sleeves.

The coupling control unit 146 controls a current of the
third electromagnetic solenoid 132 for controlling a torque
capacity of the coupling 22, thereby to control the torque
capacity of the coupling 22 as appropriate. For example,
when switching from the two-wheel drive to the four-wheel
drive during traveling, the coupling control unit 146 controls
the torque capacity of the coupling 22 to zero until the first
rotary member 32 and the second rotary member 34 are
synchronized and the third rotary member 50 the fourth
rotary member 52 are synchromized. Thereatter, the coupling,
control unit 146 starts to increase the torque capacity of the
coupling 22 at the same time or substantially the same time
when these synchronizations are completed and the energi-
zations of the first electromagnetic solenoid 62 and the
second electromagnetic solenoid 102 are shut ofl. Further, 11
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it 1s determined that the switching to the four-wheel drive 1s
completed, the coupling control unit 146 controls the torque
capacity of the coupling 22 to a capacity corresponding to
the traveling state of the vehicle by controlling the third
clectromagnetic solenoid 132. Moreover, when switching
from the four-wheel drive to the two-wheel drive during
traveling, the coupling control umit 146 starts to decrease the
torque capacity of the coupling 22 by controlling the third
clectromagnetic solenoid 132 at the same time or substan-
tially the same time when the first electromagnetic solenoid
62 and the second electromagnetic solenoid 102 are actu-
ated.

FIG. 8 1s a main portion of a control operation of the
clectronic control device 120, and specifically, 1s a flowchart
illustrating a control operation of switching from the two-
wheel drive to the four-wheel dnive during traveling. This
flowchart 1s repeatedly executed with an extremely short
cycle time of about several msec or several ten msec, for
example.

When receiving an instruction to switch from the two-
wheel drive to the four-wheel drive during traveling, 1n step
SA1 (hereinafter, “step” 1s omitted) corresponding to the
clutch control unit 140 and the coupling control unit 146, the
first electromagnetic solenoid 62 and the second electro-
magnetic solenoid 102 starts to be energized, and the cou-
pling 22 1s controlled such that the torque capacity 1s zero,
that 1s a release state. Further, in the two-wheel drive
traveling, since the torque capacity of the coupling 22 1s
typically zero, the control 1s performed so that the state 1s
maintained.

In SA2 corresponding to the synchronization determina-
tion unit 142, 1t 1s determined whether the rotations of the
first rotary member 32 and the second rotary member 34 are
synchronmized (TF synchronization) by the first synchroni-
zation mechanism 64, and whether the rotations of the third
rotary member 50 and the fourth rotary member 52 are
synchronized (DF synchronization) by the second synchro-
nization mechanism 104. The same determination 1s repeat-
edly executed until both are rotated in synchronization, and
if both are rotated 1n synchronization, SA2 1s positive and
proceeds to SA3. In SA3 corresponding to the clutch control
unit 140 and the coupling control unit 146, the energizations
of the first electromagnetic solenoid 62 and the second
clectromagnetic solenoid 102 are shut ofl. In addition, at the
same time or substantially the same time, the torque capacity
of the coupling 22 starts to be increased. If the energizations
of the first electromagnetic solenoid 62 and the second
clectromagnetic solenoid 102 are shut off, since the pressing
by the first thrust force amplification mechanism 36 and the
second thrust force amplification mechanism 96 1s elimi-
nated, each of the movable sleeves 1s pushed back by the
action forces of the springs 73 and 106, and thus the first
connection/disconnection mechanism 36 and the second
connection/disconnection mechanism 54 are connected. In
this case, the first connection/disconnection mechanism 36
and the second connection/disconnection mechanism 34 are
reliably connected as both the first synchronization mecha-
nism 64 and the second synchronization mechanism 104 are
in a state of being rotated 1n synchronization.

In SA4 corresponding to the switching determination unit
144, 1t 1s determined whether the switching to the four-wheel
drive (4WD) 1s completed. For example, it 1s determined
that the switching to the four-wheel drive 1s completed based
on signals from the position sensors for detecting the posi-
tions of the movable sleeves of the connection/disconnection
mechanisms, a signal of a 4WD switch that 1s output once
the connection/disconnection mechanisms are connected

10

15

20

25

30

35

40

45

50

55

60

65

22

and the like. SA4 are repeatedly executed until the switching
to the four-wheel drive 1s completed. 11 the switching to the
four-wheel drive 1s completed and SA4 1s positive, 1n SAS
corresponding to the coupling control unit 146, the torque
capacity of the coupling 22 is controlled to a value corre-
sponding to the traveling state of the vehicle.

The flowchart of FIG. 8 1s a flowchart of switching from
the two-wheel drive to the four-wheel drive, that 1s, when the
first connection/disconnection mechamsm 36 and the second
connection/disconnection mechanism 34 are connected.
However, when switching from the four-wheel drive to the
two-wheel drive, since the rotations of synchromization
mechanisms are not required to be synchronized, the torque
capacity of the coupling 22 starts to be decreased at the same
time or substantially the same time when the first electro-
magnetic solenoid 62 and the second electromagnetic sole-
noid 102 are energized.

As described above, according to this embodiment, i1 the
rotations of the first cams 74 and 964 of the first thrust force
amplification mechanism 56 and the second thrust force
amplification mechanism 96 are stopped or lowered by
energizing the first electromagnetic solenoid 62 and the
second electromagnetic solenoid 102, the second cams 76
and 965 are rotated at the rotating speeds that are propor-
tional to the vehicle speed V, and thus the relative rotations
between the first cams 74 and 96a and the second cams 76
and 965 increase. Therefore, the first thrust force amplifi-
cation mechanism 36 and the second thrust force amplifi-
cation mechanism 96 can be actuated quickly, thereby to
switch the connection/disconnection states of the first con-
nection/disconnection mechanism 36 and the second con-
nection/disconnection mechanism 54 quickly. Thus, since
connection/disconnection states of the first connection/dis-
connection mechanism 36 and the second connection/dis-
connection mechanism 54 are switched quickly, the connec-
tion/disconnection mechanism with a low responsivity may
not be affected when switching the drive state of the four-
wheel drive apparatus 8 and the decrease of the responsivity
1s inhibited. Further, since the first synchromization mecha-
nism 64 and the second synchronization mechanism 104 are
provided in the first connection/disconnection mechanism
36 and the second connection/disconnection mechanism 54
respectively, the rotations of the first connection/disconnec-
tion mechanism 36 and the second connection/disconnection
mechanism 54 can be synchronized quickly by the synchro-
nization mechanisms 64 and 104 and the first connection/
disconnection mechanism 36 and the second connection/
disconnection mechanism 34 can be connected.

Further, according to this embodiment, since the first
thrust force amplification mechanism 36 and the second
thrust force amplification mechanism 96 both are ball cams
that are configured of the first cams and the second cams as
well as the balls interposed between the first cams and the
second cams, 1f the relative rotations occur between the first
cams and the second cams, the ball cams are actuated to
expand the first cams and the second cams 1n the axial
direction, and the torques of the first control clutch 60 and
the second control clutch 100 are amplified and output by the
ball cams.

Further, according to this embodiment, by energizing the
first electromagnetic solenoid 62 and the second electro-
magnetic solenoid 102, 1t 1s possible to switch the engage-
ment state of the first control clutch 60 and the second
control clutch 100.

Further, according to this embodiment, since the holders
94 and 108 are further provided for maintaining the con-
nection/disconnection states of the first connection/discon-
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nection mechanism 36 and the second connection/discon-
nection mechanism 34, even 1f the first electromagnetic
solenoid 62 and the second electromagnetic solenoid 102 are
not energized, the connection/disconnection states of the
first connection/disconnection mechanism 36 and the second 5
connection/disconnection mechanism 54 can be maintained
by the holders 94 and 108, and the energy for maintaining,
the connection/disconnection states of the first connection/
disconnection mechanism 36 and the second connection/
disconnection mechanism 54 can be eliminated. 10
Further, according to this embodiment, 1n the case where
the first connection/disconnection mechanism 36 and the
second connection/disconnection mechanism 54 both are
provided with the synchronization mechanisms 64 and 104,
they can be connected while being rotated individually 1n 15
synchronization 1n the first connection/disconnection
mechanism 36 and the second connection/disconnection
mechanism 54. Therefore, the first electromagnetic solenoid
62 and the second electromagnetic solenoid 102 can be

actuated at the same time or substantially the same time to 20
connect the first connection/disconnection mechanism 36
and the second connection/disconnection mechanism 54
quickly. In this case, the load when being rotated 1n syn-
chronization can be shared among the synchronization
mechanisms 64 and 104 by releasing the coupling. 25

Next, another embodiment of the invention will be
described. Note that, the parts common to the previous
embodiment are denoted by the same reference numerals
and the description thereol will be omitted below.

The above four-wheel drive apparatus 8 1s provided with 30
the synchronization mechanisms 1n both the first connection/
disconnection mechanism 36 and the second connection/
disconnection mechanism 54. However, even 11 the synchro-

nization mechanism 1s provided in only one of the first
connection/disconnection mechanism 36 and the second 35
connection/disconnection mechanism 54, the first connec-
tion/disconnection mechanism 36 and the second connec-
tion/disconnection mechamsm 34 can be switched quickly
during traveling. Hereinalfter, switching in a case where the
synchronization mechanism (first synchronization mecha- 40
nism 64) 1s provided only in the first connection/disconnec-
tion mechanism 36 will be described with reference to a
flowchart of FIG. 9 as an example.

FIG. 9 1s a flowchart illustrating the control operation of
switching from the two-wheel drive to the four-wheel drive 45
during traveling when only the synchronization mechanism
64 1s provided in the first connection/disconnection mecha-
nism 36. This flowchart 1s repeatedly executed with an
extremely short cycle time of about several msec or several
ten msec, for example. 50

When receiving an instruction to switch from the two-
wheel drive to the four-wheel drive during traveling, 1n step
SB1 (hereinafter, “step” 1s omitted) corresponding to the
clutch control unit 140 and the coupling control unit 146, the
coupling 22 i1s engaged, and the first electromagnetic sole- 55
noid 62 and the second electromagnetic solenoid 102 starts
to be energized. Then, 1n SB2 corresponding to the synchro-
nization determination unit 142, 1t 1s determined whether the
rotations of the first rotary member 32 and the second rotary
member 34 are synchronized (TF synchronization) by the 60
first synchronization mechanism 64. SB2 1s repeatedly
executed until the first rotary member 32 and the second
rotary member 34 are rotated in synchromization. Then, 11 the
first rotary member 32 and the second rotary member 34 are
rotated in synchronization, the first connection/disconnec- 65
tion mechanism 36 can be connected, and SB2 1s positive
and proceeds to SB3. If the first rotary member 32 and the
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second rotary member 34 are rotated in synchronization and
the coupling 22 1s engaged, the rotation 1s transmitted to the
third rotary member 50, and therefore the third rotary
member 50 and the fourth rotary member 52 also are rotated
in synchronization. In other words, the second connection/
disconnection mechanism 54 1s also rotated in synchroniza-
tion and thus can be connected.

In SB3 corresponding to the clutch control unit 140 and
the coupling control unit 146, the energizations of the first
clectromagnetic solenoid 62 and the second electromagnetic
solenoid 102 are shut ofl, and the coupling 22 1s released.
Here, the coupling 22 1s released in order to reduce the
resistance force when connecting the first connection/dis-
connection mechanism 36 and the second connection/dis-
connection mechanism 54. In SB4 corresponding to the
switching determination unit 144, i1t 1s determined whether
the switching to the four-wheel drive 1s completed. SB4 are
repeatedly executed until the switching to the four-wheel
drive 1s completed. If the switching to the four-wheel drive
1s completed and SA4 is positive, in SAS corresponding to
the coupling control unit 146, the torque capacity of the
coupling 22 1s controlled to a value corresponding to the
traveling state of the vehicle.

The tflowchart of FIG. 9 1s a flowchart of switching from
the two-wheel drive to the four-wheel drive. However, when
switching from the four-wheel drive to the two-wheel drive,
since the rotations of synchronization mechanisms are not
required to be synchronized, the torque capacity of the
coupling 22 starts to be decreased at the same time or
substantially the same time when the first electromagnetic
solenoid 62 and the second electromagnetic solenoid 102 are
energized.

As described above, even if only the first synchronization
mechanism 64 1s provided 1n the first connection/disconnec-
tion mechanism 36 as in this embodiment, 1t 1s possible to
switch the drive state of the four-wheel drnive apparatus
quickly. That 1s, 1n a state where the coupling 22 1s engaged
and the first connection/disconnection mechanism 36 that 1s
provided with the first synchronization mechanism 64 1s
rotated 1n synchronization, the second connection/discon-
nection mechanism 54 that 1s not provided with the syn-
chronization mechanism 1s also rotated 1n synchronization
and can be connected. Thus, the coupling 22, the first
clectromagnetic solenoid 62, and a second electromagnetic
solenoid 102 can be actuated at the same time or substan-
tially the same time, and the first connection/disconnection
mechamism 36 and the second connection/disconnection
mechanism 34 can be connected quickly.

FIG. 10 1s an overall view schematically showing a
configuration of a vehicle four-wheel drive apparatus 200
(four-wheel drive apparatus 200) that 1s another embodiment
of the mvention. When comparing the four-wheel drive
apparatus 200 with the four-wheel drive apparatus 8 as
described above, the structure of the front wheel side 1s the
same while the structure of the rear wheel side 1s diflerent.
Specifically, the four-wheel drive apparatus 200 includes a
left driving force distribution clutch 204 and a right driving
force distribution clutch 206 that are provided on rnight and
left rear wheel axles 202 respectively for controlling left
driving force distribution and right driving force distribu-
tion, but does not have a coupling and a rear differential. The
structure of the rear wheel side which 1s different from that
of the above four-wheel drive apparatus 8 will be described
below.

A propeller shaft 20 1s connected to a drive pinion 48 for
transmitting power to the rear wheel side, and the drive
pinion 48 1s engaged with a ring gear 51 that 1s provided to
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be rotatable around a rotation axis C2. The ring gear 51 1s
connected to a third rotary member 208 that 1s provided to
be rotatable around the rotation axis C2. Further, a fourth
rotary member 210 that connects the left driving force
distribution clutch 204 and the right driving force distribu-
tion clutch 206 1s provided on the inner peripheral side of the
third rotary member 208 such that 1t 1s rotatable around the
rotation axis C2. Moreover, a second connection/disconnec-
tion mechanism 212 1s provided for connecting or discon-

necting the third rotary member 208 and the fourth rotary
member 210. Although not shown 1n FIG. 10, the following

1s provided: a second thrust force amplification mechanism
that generates a thrust force for switching a connection/
disconnection state of the second connection/disconnection
mechanism 212, a second control clutch that 1s provided to
connect or disconnect the second thrust force amplification
mechanism and a non-rotary member, an electromagnetic
solenoid that generates a torque for connecting the second
control clutch, and a synchronization mechanism that causes
the third rotary member 208 and the fourth rotary member
210 to rotate 1n synchronization.

In the four-wheel drive apparatus 200 that 1s configured as
described above, since the mechamism for switching the
connection/disconnection state of the second connection/
disconnection mechanism 212 1s not changed essentially as
compared with the above four-wheel drive apparatus 8, the
responsivity of switching of the connection/disconnection
mechanism 212 1s also high. Further, since the front wheel
side 1s not changed as compared with that of the above
four-wheel drive apparatus 8, the responsivity of switching
of the first connection/disconnection mechanism 36 1s high,
and thus the responsivities of the switching of the first
connection/disconnection mechanism 36 and the second
connection/disconnection mechanism 212 both are high, and
the switching of the drive state of the four-wheel drive
apparatus 200 has a high responsivity. Therefore, it is
possible to obtain the same eflect as that of the above
embodiment 1 the four-wheel drive apparatus 200. In
addition, the detailed structure and operation of the four-
wheel drive apparatus 200 are omitted as they are not
changed essentially as compared with the above embodi-
ment.

Although the embodiments of the invention have been
described above based on the drawings, the invention 1s also
applicable 1n other manners.

For example, although the engagement states of the first
control clutch 60 and the second control clutch 100 are
switched by using the attraction forces of the electromag-
netic solenoids 1n the above embodiments, the invention 1s
not limited to the electromagnetic solenoid. For example, the
engagement state of the control clutch may be switched by
a hydraulic mechanism as shown 1n FIG. 11. FIG. 11 simply
shows a sectional view 1n a case where the first control
clutch 60 1s controlled by a hydraulic mechanism 228 as an
example. As shown in FIG. 11, the hydraulic mechanism 228
1s configured to include a piston 230 that 1s fitted in the
transfer casing 58 and presses the iriction engagement
clement of the first control clutch 60, a spring 234 that acts
on the piston 230 to the side away from the friction engage-
ment element, and a hydraulic chamber 232 that i1s an
o1l-tight space surrounded by the piston 230 and the spring
234. Further, 1t 1s configured that working o1l 1s supplied to
the hydraulic chamber 232 to resist the action force of the
spring 234, and the piston 230 presses the friction engage-
ment element. As described above, even 1f the hydraulic
mechanism 228 1s used as an actuator for switching the
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engagement states of the first control clutch and the second
control clutch, the same eflect as that of the above embodi-
ment can be achieved.

Further, a motor may be used as an actuator for switching,
the engagement states of the first control clutch 60 and the
second control clutch 100. FIG. 12 shows a structure 1n a
case where a motor mechanism 1s used as an actuator for
switching the engagement state of the first control clutch 60
as an example. The motor actuator 240 that functions as the
motor mechanism shown 1n FIG. 12 1s provided inside with
a mechanism for converting a rotation motion of a ball screw
or the like mto a reciprocation motion, and causes a shatft
242 protruding from the motor actuator 240 to reciprocate.
Further, by controlling the motor actuator 240, the friction
engagement element of the first control clutch 60 can be
pressed by the shaft 242. Even 11 1t 1s configured as described
above, the engagement state of the first control clutch 60 can
be switched by the motor actuator 240. Thus, even if the
motor mechanism 1s used as an actuator for switching the
engagement states of the first control clutch and the second
control clutch, the same effect as that of the above embodi-
ment can be achieved.

Further, in the above embodiments, for the first thrust
force amplification mechanism 356, 1f the first cam 74 and the
second cam 76 are rotated relative to each other, the first cam
74 and second cam 76 are expanded in the axial direction by
the ball 78. However, the invention 1s not limited to the ball
78. For example, 1t may be a structure 1n which a first cam
254 and a second cam 256 constituting a first thrust force
amplification mechanism 252 are expanded in the axial
direction by a rotary cam 250 as shown 1n FIG. 13A and FIG.
13B. In FIG. 13A and FI1G. 13B, cam grooves 254a and 2564
constituting the rotary cam 250 are formed on the first cam
254 and the second cam 256. In a state where the first cam
254 and the second cam 256 are rotated integrally, as shown
in FIG. 13A, the cam grooves 254a and 256a are fitted to
cach other. However, 11 the first control clutch 1s engaged
and thus the rotation of the first cam 254 1s stopped, as
shown 1n FIG. 13B, the first cam 254 and the second cam
256 are rotated relative to each other, and the first cam 254
and the second cam 256 are expanded 1n the axial direction
along the cam grooves 254a and 256a of each other. Thus,
even 11 the first thrust force amplification mechanism and the
second thrust force amplification mechanism are configured
of the rotary cam 250, the same eflect as that of the above
embodiment can be achieved. In addition, other implemen-
tations of the thrust force amplification mechanism can be
approprately applied as long as it 1s configured to convert a
rotation motion of a ball screw or the like 1into a reciproca-
tion motion.

Further, although electromagnetic solenoids are used as
actuators for switching the engagement states of the first
control clutch 60 and the second control clutch 100 in the
above embodiments, different actuators may be used such
that the first control clutch 60 1s switched by an electromag-
netic solenoid while the second control clutch 100 1s
switched by a hydraulic mechanism, for example.

Further, although the pressing teeth 76a and 765 are
formed on the second cam 76, the protrusions 80a are
formed on the piston 80, and the latching teeth 94a and 945
are formed on the first holder 94 in the above embodiments,
the shape of these teeth 1s an example and can be appropri-
ately modified in a range of mechanically latching the piston
80.

Further, although the four-wheel drive apparatuses 8 and
200 of the above embodiments are FF based four-wheel
drive apparatuses, the invention may also be applied to other
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tour-wheel drive apparatus such as a FR based four-wheel
drive apparatus, as long as 1t 1s configured to include a
connection/disconnection mechanism for disconnecting the
power transmission to the propeller shatt.

Further, although the first holders 94 and 108 are provided
for mechanically maintaining the piston in the above
embodiments, the first holders 94 and 108 are not necessary
and can be omitted. However, 1t 1s necessary to energize the
second electromagnetic solenoid 102 while maintaining the
piston, for example, it 1s not advantageous to fuel efliciency.

Further, although the coupling 22 1s provided in the
four-wheel drive apparatus 8 of the embodiment as
described above, the coupling 22 1s not necessary, and the
invention can be embodied with a structure which removes
the coupling 22.

Further, although the synchronization mechanism 1s pro-
vided on both the first connection/disconnection mechanism
36 and the second connection/disconnection mechanism 54
or provided only on the first connection/disconnection
mechanism 36 1n the above embodiments, the synchroniza-
tion mechanism may be provided only on the second con-
nection/disconnection mechanmism 34.

Note that, the above embodiments are merely implemen-
tations, and the invention can be embodied with various
modifications and improvements based on knowledge of
those skilled 1n the art.

What 1s claimed 1s:

1. A vehicle four-wheel drive apparatus comprising;

a transier for transmitting a portion of driving force that

1s output from a drive source to auxiliary drive wheels;

a propeller shait that 1s interposed between the transier
and the auxiliary drive wheels for transmitting a power
from the transier to the auxiliary drive wheels;

a first connection/disconnection mechanism that 1s pro-
vided 1 the transier for selectively connecting or
disconnecting the power transmitted to the propeller
shatt via the transfer;

a second connection/disconnection mechanism that 1s
provided between a downstream side of the propeller
shaft and the auxiliary drive wheels for selectively
connecting or disconnecting the power between the
propeller shaft and the auxiliary drive wheels,

a first thrust force amplification mechanism for switching,
a connection/disconnection state of the first connection/
disconnection mechanism;

a first control clutch;

a first actuator;

a second thrust force amplification mechanism for switch-
ing connection/disconnection state of the second con-
nection/disconnection mechanism;

a second control clutch; and

a second actuator,

wherein each of the f{first connection/disconnection
mechanism and the second connection/disconnection
mechanism has a switching member, the switching
member 1s configured to be movable 1n an axial direc-
tion of a rotation axis so as to obtain a first position at
which a power input shait and a power output shait that
are rotatable around the rotation axis respectively are
connected and a second position at which the power
input shaft and the power output shaift that are rotatable
around the rotation axis respectively are disconnected,

wherein each of the first thrust force amplification mecha-
nism and the second thrust force amplification mecha-
nism 1s configured to have a pair of rotary members that
1s rotatable around the rotation axis, the pair of rotary
members 1s configured to be axially separated by being
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rotated relative to each other, and one of the pair of

rotary members causes the switching member of each

connection/disconnection mechanism to move in one
direction of the rotation axis,

wherein a first rotation suppression torque is able to be
added to the other one of the pair of rotary members by
the first control clutch through the first actuator,

wherein a second rotation suppression torque is able to be
added to the other one of the pair of rotary members by
the second control clutch through the second actuator,

wherein one of the pair of rotary members of each of the
first thrust force amplification mechanism and the sec-
ond thrust force amplification mechanism 1s connected
to a rotary member whose rotating speed 1s increased 1n
proportion to a vehicle speed in a non-rotatable rela-
tively manner respectively, and

wherein at least one of the first connection/disconnection
mechanism and the second connection/disconnection
mechanism 1s provided with a synchronization mecha-
nism for synchronizing the rotations of the power input

shaft and the power output shatft.

2. The vehicle four-wheel drive apparatus according to
claim 1, wherein each of the first thrust force amplification
mechanism and the second thrust force amplification mecha-
nism 1s a ball cam or a rotary cam.

3. The vehicle four-wheel drive apparatus according to
claim 1, wherein each of the first actuator and the second
actuator 1s configured of an electromagnetic solenoid, a
motor mechanism or a hydraulic mechanism.

4. The vehicle four-wheel drive apparatus according to
claim 1, wherein the vehicle four-wheel drive apparatus 1s
further provided with a fixing mechanism for maintaining
the connection/disconnection states of the first connection/
disconnection mechanism and the second connection/dis-
connection mechanism.

5. The vehicle four-wheel drive apparatus according to
claim 1, wherein an electronic control coupling 1s provided
in a power transmission path between the propeller shaft and
the auxiliary drive wheels for controlling a torque transmit-
ted to the auxiliary drive wheels.

6. The vehicle four-wheel drive apparatus according to
claim 5, wherein:

the vehicle four-wheel drive apparatus 1s further provided

with a control device for switching connection or
disconnection of the first connection/disconnection
mechanism and the second connection/disconnection
mechanism; and

in a case where each of the first connection/disconnection

mechanism and the second connection/disconnection
mechanism 1s provided with the synchromization
mechanism, when the first connection/disconnection
mechanism and the second connection/disconnection
mechanism are to be connected during traveling, the
control device releases the electronic control coupling
and actuates the first actuator and the second actuator.

7. The vehicle four-wheel drive apparatus according to
claim 5, wherein:

the vehicle four-wheel drive apparatus 1s further provided

with a control device for switching connection or
disconnection of the first connection/disconnection
mechanism and the second connection/disconnection
mechanism; and

in a case where only one of the first connection/discon-

nection mechanism and the second connection/discon-
nection mechanism 1s provided with the synchroniza-
tion mechanism, when the first connection/
disconnection mechanism and the second connection/
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disconnection mechanism are to be connected during
traveling, the control device engages the electronic

control coupling and actuates the first actuator and the
second actuator.
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